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(57) The present invention has theme to appropri- 
ately control the transmission power of a mobile station 
during soft handover even if the reception qualities of 
the signals from the connected base stations are not the 
same. 

in order to resolve the above problem, the mobile 
station according to the present invention comprises, in 
a mobile station 16 capable of connecting simultane- 
ously to a plurality of base stations, a reception radio 
portion 3 and TPC bit detecting portions 6, 7 for receiv- 



ing and detecting TPC bits (transmission power control 
signals) from the plurality of base stations during soft 
handover, a combining portion 8 for combining the 
detected TPC bits to determine a combination signal, 
and a transmission power control deciding portion 9 for 
controlling the transmission power of the mobile station 
16 based on the combination signal determined by the 
combining portion 8. 



f 1: MTDDU 


IS 


trambisiibr m 

SAO 10 POST in 






TRANSMISSION 
-RECEPTION 

separating pomoa 


1 




RECEPTION SAC 10 
POST 101 





FIG. 1 
it 



SPttADINS 
PORT t OS 



11 



nmiUTin 

PORT I OH 



10 



SIGNAi. 
GENERATING 
POST I OR 



DaP READ 1 KG 
PORTION 


t. 


TPC BIT 

DETECTING 
PORTION 






!— C0NDISINC 
— PORTION 


•OESPSEADIKC 
PORTION 






TPC BIT 
DETECT INS 
PORTION 



TRANSMISSION 
POIES CONTROL 
OECIOINO 
PORTION 



Primed by X«r» (UK) Busirmaa Sefvtoos 

2.16.7/3.6 



1 



EP 0975 185 A1 



2 



Description 

BACKGROUND OF THE INVENTION 

1. Technical Held 

[0001] The present invention relates to a mobile sta- 
tion and a base station in a mobile communication sys- 
tem with transmission power control, a transmission 
power control method for mobile stations, and a record- 
ing medium containing a program for achieving this 
transmission power control method. 

2. Background Art 

[0002] In mobile radio systems, a service area is 
formed by providing a number of radio zones which are 
circular areas centered around base stations. For the 
purposes of covering the service area fully, the base 
stations are provided so that a plurality of radio zones 
will overlap at the edges of the radio zones. 
[0003] Since the radio zones are centered around 
base stations, the intensity of a desired signal to be 
received by a mobile station in a service area will be 
high In the vicinity of the base station but low near the 
radio zone edges. Since the communication quality will 
be reduced if an interfering signal is stronger than the 
desired signal, efforts have been made in existing 
mobile radio systems to retain the service quality by 
performing handover to an another radio zone capable 
of achieving better communication quality when a 
mobile station has moved to the edge of a radio zone. 
[0004] On the other hand, in CDMA (code division 
multiple access) systems, transmission power control is 
performed to always keep the transmission power ol 
mobile stations as low as possible for the purposes of 
retaining capacity and quality and reducing interference 
with other stations. The transmission power control in 
these mobile stations is achieved by closed-loop control 
wherein the transmission power is increased and 
decreased in accordance with instructions given by the 
content of a single-bit transmission power control signal 
(hereinafter referred to as a TPC bit) sent from the base 
station. 

[0005] Additionally, in the case of so-called soft 
handover, the mobile station simultaneously connects 
to a plurality of connectable base stations, and begins 
control of the switching between radio zones. At this 
time, the mobile station detects the TPC bits sent from 
the plurality of base stations by the above-mentioned 
closed-loop control, and decides and controls its own 
transmission power based on the content of the 
detected TPC bits. Here, an example of the transmis- 
sion power control during soft handover in a mobile sta- 
tion is shown in Fig. 13. In the example shown in Rg. 13, 
the transmission power is increased only when the con- 
tent of the TPC bits from all of the connected base sta- 
tions gives instructions for a transmission power 



increase (the value of the TPC bit is "1 "), and otherwise, 
the transmission power is decreased. 
[0006] However, during soft handover, the mobile sta- 
tion is not capable of receiving the signals from all of the 

5 connected base stations with the same quality. That is, 
there is a possibility of the reception quality ol the signal 
from a certain base station being degraded. Degrada- 
tions in the signal reception quality from a base station 
mean an increase in the error rate for transfer of the 

10 TPC bit from that base station. As described above, 
since a substance of the transmission power control of 
a conventional mobile station is decided by combining 
the contents of all TPC bits detected by the mobile sta- 
tion, an Increase in the error rate for transfer of the TPC 

15 bit from one base station win directly lead to an increase 
in the probability that inappropriate transmission power 
control will be performed. 

[0007] Moreover, in the above-described example 
wherein the transmission power is increased only when 

20 the contents of the TPC bits from all of the connected 
base stations are "1 " (when the TPC bits from all of the 
connected base stations give instructions for transmis- 
sion power increase) as shown in Fig. 1 3, the probability 
that the transmission power will be made smaller than 

25 necessary will rise when the error rate for transfer of a 
TPC bit from a single base station increases. This is due 
to the fact that if an error arises in a TPC bit from a base 
station B when the combination of TPC bits sent from a 
base station A and base station B is "11" (transmission 

30 power increase), the reception pattern will become "10", 
and will result in a transmission power decrease, 
whereas if an error arises in the a TPC bit from base 
station B when the combination of TPC bits sent from 
base station A and base station B is "00°, "10* or "01" 

35 (transmission power decrease), the reception pattern 
will become "01 ","11" or "00", and will not always result 
in a transmission power increase. This effect can be 
expected to become more pronounced when the 
number of connected base stations is large. 

40 [0008] In the end, as is clear from what is described 
above, the transmission power control of a conventional 
mobile station has a problem in that when the reception 
quality of the signals from any one of the base stations 
is low, then appropriate power control cannot be per- 

45 formed during soft handover, and the communication 
quality is reduced. 

SUMMARY OF THE INVENTION 

so [0009] The present invention has been made in view 
of such the background, and has the object of offering a 
mobile station and a base station, a transmission power 
control method for a mobile station, and a recording 
medium containing a program for achieving this trans- 

5f mission power control method, which are capable of 
appropriately controlling the transmission power of the 
mobile station during soft handover, even if the recep- 
tion qualities of the signals from the connected base 
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stations are not the same. 

[001 0] In order to resolve the above-mentioned prob- 
lems, the transmission power control method of the 
present invention, the method is the transmission power 
control method for a mobile station simultaneously con- 
nected to a plurality of base stations, comprises a 
receiving step for receiving a transmission power con- 
trol signal from each of said plurality of base stations in 
said mobile station; a reliability level acquiring step for 
acquiring a reliability level for each of said plurality of 
base stations; an object signal acquiring step for deter- 
mining an object signal from said reliability levels 
acquired in said reliability level acquiring step and said 
plurality of transmission power control signals received 
in said receiving step; a control content deciding step for 
deciding a control content of the transmission power of 
said mobile station based on said object signal deter- 
mined in said object signal acquiring step; and a control 
step for controlling the transmission power of said 
mobile station in accordance with the control content 
decided in said control content deciding step. According 
to this transmission power control method, the object 
signal is determined in the mobile station in considera- 
tion of not only the plurality of transmission power con- 
trol signals, but also of the reliability level of each of the 
plurality of base stations, and the transmission power 
control is performed on the basis of this object signal. 
Therefore, the influence of a transmission power control 
signal for which an error has occurred during transfer 
can be made small. As a result transmission power 
control can be performed with high precision, and the 
degradation of the communication quality and the deg- 
radation of the subscriber capacity can be prevented. 
[001 1 ] Additionally, in the above-described transmis- 
sion power control method, it is possible, in said mobile 
station, to acquire a parameter based on a downward 
signal from each of said plurality of base stations, and 
generate a reliability level with respect to each of said 
plurality of base stations in accordance with said param- 
eter; or in each of said plurality of base stations, to 
acquire a parameter based on an upward signal from 
said mobile station, and send said parameter to said 
mobile station, and in said mobile station, generate a 
reliability level with respect to each of said plurality of 
base stations in accordance with the parameter sent 
from each of said plurality of base stations; or in each of 
said plurality of base stations, to acquire a parameter 
based on an upward signal from said mobile station, 
generate a reliability level for itself based on said param- 
eter, and transmit the generated reliability level to said 
mobile station; and in said mobile station, receive the 
reliability level sent from each of said plurality of base 
stations. In particular, when the parameters are 
acquired in each of said plurality of base stations, trans- 
mission power control can be performed with higher 
precision in the mobile station. 
[001 2] Furthermore, the following characteristics can 
also be appended to the above-described transmission 



power control method. 

[001 3] A weighting step for weighting the transmission 
power control signals received in said receiving step 
according to said plurality of reliability levels acquired in 

5 said reliability level acquiring step can be provided; said 
object signal acquiring step can include generating said 
object signal by combining the plurality of transmission 
power control signals weighted in said weighting step. 
[0014] The object signal acquiring step can include 

w selecting one signal from among the transmission 
power control signals received in said receiving step 
based on said plurality of reliability levels acquired in 
said reliability level acquiring step, and taking the 
selected signal as said object signal. 

is [0015] The control content deciding step can include 
comparing said object signal determined in said object 
signal acquiring step with two preset threshold values, 
and selecting and determining the control content of 
said mobile station from among the three stages of an 

20 increase, maintenance or decrease of the transmission 
power based on the results of the comparison. 
[0016] The control can be performed, in said control 
content deciding step, by changing the transmission 
power of said mobile station by a control amount in 

25 accordance with said object signal determined in said 
object signal acquiring step. 

[001 7] Additionally, in order to resolve the above-men- 
tioned problems, the mobile station according to the 
present invention, the mobile station is capable of simul- 

30 taneously connecting with a plurality of base stations, 
comprises receiving means for receiving a transmission 
power control signal from each of said plurality of base 
stations; reliability level acquiring means for acquiring a 
reliability level with respect to each of said plurality of 

35 base stations; object signal acquiring means for deter- 
mining an object signal based on said plurality of trans- 
mission power control signals received from said 
receiving means and said plurality of reliability levels 
acquired from said reliability acquiring means; control 

46 content deciding means for deciding a control content of 
the transmission power of said mobile station based on 
said object signal determined by said object signal 
acquiring means; and control means for controlling the 
transmission power in accordance with said control con- 

45 tent decided by said control content deciding means. 
According to this mobile station, the object signal is 
determined in the mobile station in consideration of not 
only the plurality of transmission power control signals, 
but also of the reliability level of each of the plurality of 

so base stations, and the transmission power control is 
performed on the basis of this object signal. Therefore, 
the influence of a transmission power control signal for 
which an error has occurred during transfer can be 
made small. As a result, transmission power control can 

55 be performed with high precision, and the degradation 
of the communication quality and the degradation of the 
subscriber capacity can be prevented. 
[0018] Additionally, in the above-described mobile sta- 
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tion, the reliability level acquiring means can acquire a 
parameter based on a signal from each of said plurality 
of base' stations received by said receiving means, and 
generate a reliability level with respect to each of said 
plurality of base stations in accordance with said paranv $ 
eter. The reliability level acquiring means can generate 
a reliability level with respect to each of said plurality of 
base stations in accordance with a parameter from each 
of said plurality of base stations received by said receiv- 
ing means. The reliability level acquiring means can 7 o 
take the reliability level from each of said plurality of 
base stations received by said receiving means as the 
reliability level with respect to each of said plurality of 
base stations. In particular, when the parameters are 
acquired in each of said plurality of base stations, trans* n 
mission power control can be performed with higher 
precision in the mobile station. 
[0019] Furthermore, the following characteristics can 
be appended to the above-described mobile station. 
[0020] The mobile station further comprises weighting 20 
means for weighting each transmission power control 
signal received by said receiving means by the reliability 
level of a corresponding base station, and said object 
signal acquiring means can generate said object signal 
by combining the plurality of transmission control sig- 25 
nals weighted by said weighting means. 
[0021 ] The object signal aoquiring means can select 
one from among said plurality of transmission power 
control signals to be said object signal. 
[0022] The control content deciding means can com- so 
pare said object signal determined by said object signal 
acquiring means with two preset threshold values, and 
select and decide from among the three stages of 
increase, maintenance or decrease of the transmission 
power as said control content based on the results of 35 
this comparison. 

[0023] The control content deciding means can take, 
as the control content, control performed by changing 
the transmission power by a control amount in accord- 
ance with said object signal determined by said object 40 
signal acquiring means. 

[0024] Additionally, in order to resolve the above- 
described problems, a base station of the present inven- 
tion is a base station for performing the above- 
described transmission power control method wherein a 45 
parameter Is acquired in said reliability level aoquiring 
step for each of said plurality of base stations based on 
an upward signal from said mobile station; comprising 
parameter acquiring means for acquiring said parame- 
ter with respect to said mobile station based on an so 
upward signal from said mobile station; and transmis- 
sion means for transmitting said parameter acquired by 
said parameter acquiring means to said mobile station. 
By using the parameter acquired in this base station in 
the mobile station, transmission power control can be 65 
performed with higher precision in the mobile station. 
[0025] Additionally, in order to resolve the above- 
described problems, a recording medium of the present 



invention contains a program to be run In a mobile sta- 
tion simultaneously connected to a plurality of base sta- 
tions; the program comprising a receiving step for 
receiving a transmission power control signal form each 
of said plurality of base stations; a reliability level acquir- 
ing step for acquiring a reliability level with respect to 
each of said plurality of base stations; an object signal 
acquiring step for determining an object signal from said 
reliability levels acquired in said reliability level acquiring 
step and said plurality of transmission power control sig- 
nals received in said receiving step; a control content 
deciding step for deciding a control content of the trans- 
mission power of said mobile station based on said 
object signal determined in said object signal acquiring 
step; and a control step for controlling the transmission 
power of said mobile station in accordance with said 
control content decided by said control content deciding 
step. By running the program recorded in this recording 
medium in the mobile station, the object signal is deter- 
mined in the mobile station in consideration of not only 
the plurality of transmission power control signals, but 
also of the reliability level of each of the plurality of base 
stations, and the transmission power control is per- 
formed on the basis of this object signal. Therefore, the 
influence of a transmission power control signal for 
which an error has occurred during transfer can be 
made small. As a result transmission power control can 
be performed with high precision, and the degradation 
of the communication quality and the degradation of the 
subscriber capacity can be prevented. 

BRIEF DESCRIPTION OF THE FIGURES 
[0026] 

Fig. 1 is a block diagram shewing the structure of 
the essential portions of a mobile station according 
to the first embodiment of the present invention. 
Fig. 2 is a diagram showing the state of connection 
between the mobile station and base stations dur- 
ing soft handover in a CDMA system. 
Fig. 3 is a diagram for explaining the combination 
process by the combining portion of the mobile sta- 
tion during soft handover in a CDMA system. 
Fig. 4 is a diagram for explaining the combination 
process by the combining portion of the mobile sta- 
tion during soft handover in a CDMA system. 
Fig. 5 is a diagram for explaining the combination 
process by the combining portion of a mobile sta- 
tion according to modification example 1 of a first 
embodiment during soft handover in a CDMA sys- 
tem. 

Fig. 6 is a diagram for explaining the combination 
process by the combining portion of a mobile sta- 
tion according to modification example 2 of a first 
embodiment during soft handover in a CDMA sys- 
tem. 

Fig. 7 is a diagram showing the transmission power 



15 



20 



2* . 



30 



35 



40 



4 



7 



EP 0 975 185 A1 



control amount by the mobile station in modification 
example 2. 

Fig. 8 is a block diagram showing the structure of 
the essential portions of a mobile station according 
to the second embodiment of the present invention, s 
Fig. 9 is a diagram showing, an example of a com- 
bining process based on a CRC verification result in 
a mobile station according to a modification exam- 
ple of an embodiment of the present invention. 
Rg. 10 is a diagram showing a summary of trans- io 
mission power control of a mobile station based on 
the reception level of an up-going signal in a modi- 
fication example of an embodiment of the present 
invention. 

Fig. 1 1 is a block diagram for explaining an example is 
of the structure of a mobile station according to the 
present invention. 

Fig. 1 2 is a block diagram for explaining an example 
of the structure of a base station according to the 
present invention. 20 
Rg. 13 is a diagram for explaining the transmission 
power control of a mobile station during soft hando- 
ver in a conventional CDMA system. 

PREFERRED EMBODIMENTS OF THE PRESENT 25 
INVENTION 

[0027] Herebelow. a preferred embodiment of the 
present invention shall be explained with reference to 
the drawings. The mobile station in this embodiment so 
basically has a structure which is based on the structure 
of the mobile station of the present invention which is 
descrbed in the "Summary of the Invention" section. 
Therefore, in order to simplify the understanding of the 
embodiment here, a structural example of the mobile 35 
station of the present invention is shown in Rg. 11. 
[0028] In the structural example of Fig. 1 1 , the mobile 
station basically comprises receiving means, reliability 
level acquiring means, object signal acquiring means, 
control content deciding means, and control means. 40 
The control means controls signal generating and trans- 
mitting means for generating and transmitting signals to 
be transmitted. Additionally the signal (information) 
supplied from the reliability level acquiring means to the 
object signal acquiring means could be either singular 45 
or plural. For example, when the reliability level acquir- 
ing means includes weighting means, the plurality of 
weighted signals will be supplied to the object signal 
acquiring means, but if it is possible to allow the weight- 
ing coefficient to be 0, then there may be cases where so 
only a single signal is supplied to the object signal 
acquiring means. The signal exchange relationship 
between the receiving means, the reliability level acquir- 
ing means and the object signal acquiring means is not 
restricted to that given as an example in Rg. 11. For 55 
. example, K is possible to have the reliability level acquir- 
ing means (weighting means) output only weighting 
coefficients (equivalent to reliability), and to cfirectly 



input a plurality of signals outputted from the receiving 
means while also inputting the weighting coefficients 
from the reliability level acquiring means into the object 
signal acquiring means. 

[0029] On the other hand, the base stations for com- 
municating with the above-described mobile station 
have basically the same structure as normal base sta- 
tions. However, when applied to a mobile radio system 
which acquires the parameters indicating the reliability 
level on the base station side, they wilt be provided with 
parameter acquiring means as shown in Rg. 12. 

A: Rrst Embodiment 

A-1: Structure 

[0030] Fig. 1 is a block diagram showing the structure 
of the essential portions of a mobile station 16 accord- 
ing to the first embodiment, and the mobile station 16 
having the structure shown in this drawing is available to 
a CDMA system. 

[0031] In Rg. 1, reference number 1 denotes an 
antenna for issuing radio waves in accordance with a 
transmission signal to be transmitted and for receiving 
radio waves from base stations and generating corre- 
sponding reception signals, reference number 2 
denotes a transmission-reception separating portion, 
reference number 3 denotes a reception radio portion. 
The transmission-reception separating portion 2 sup- 
plies transmission signals to the antenna 1 , and recep- 
tion signals from the antenna 1 to the reception radio 
portion 3. 

[0032] Reference numbers 4 and 5 denote despread- 
ing portions for despreading reception signals received 
from the reception radio portion 3. As shown in Rg. 2, 
the despreading, which is performed during soft hando- 
ver where the mobile station 16 is connected simultane- 
ously to the base station AH and the base station B15, 
is performed using a spreading code corresponding to 
base station A14 in the despreading portion 4 and a 
spreading code corresponding to the base station B15 
in the despreading portion 5. In the despreading portion 
4, reference number 6 denotes a TPC bit detecting por- 
tion for detecting and outputting TPC bits from the sig- 
nals obtained by despreading, and a TPC bit detecting 
portion 7 having the same function is provided within the 
despreading portion 5. Furthermore, each TPC bit 
detecting portion determines and outputs reliability 
information (e.g. a frame error rate) for performing 
weighting which is proportional to the signal power and 
inverse-proportional to the noise power, based on a 
reception power (signal power) obtained by averaging 
the detected TPC bits by a predetermined time constant 
and an average SIR (signal-to-noise power ratio) for the 
most recent predetermined time period. 
[0033] Reference number 8 denotes a combining por- 
tion for maximum ratio combining two TPC bits output- 
ted from the TPC bit detecting portions 6, 7, which 
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weights each TPC bit with corresponding reliability 
information, then combines them on the IQ plane. The 
coordinate system of the IQ plane is an orthogonal 
coordinate system of in-phase components and orthog- 
onal components. Reference number 9 is a transmis- $ 
sion power control deciding portion for comparing 
signals combined by the combining portion 8 (object 
signals, hereinafter referred to as combination signals) 
with a preset threshold value, deciding the content of 
the transmission power control based on the compari- 10 
son result (either a 1 dB increase or a 1 dB decrease in 
the present embodiment), and controlling the transmis- 
sion power in accordance with this content Reference 
number 10 denotes a signal generating portion for gen- 
erating a transmission signal having a transmission 1S 
power controlled by the transmission power control 
deciding portion 9. Reference number 11 denotes a 
modulating portion for modulating the transmission sig- 
nal generated by the signal generating portion 1 0, refer- 
ence number 12 denotes a spreading portion for 20 
spreading the transmission signal modulated by the 
modulating portion 11, and reference number 13 
denotes a radio transmitting portion for supplying the 
transmission signal spread by the spreading portion 1 2 
to the antenna 1 via the transmission-reception separat- 2s 
ing portion 2. 

A-2: Operations 

[0034] Next, the above-mentioned mobile station 16 30 
shall be explained in detail. 

[0035] As shown in Fig. 2, during soft handover 
wherein the mobile station connects simultaneously 
with the base station A1 4 and the base station B1 5, the 
reception signals pass through the antenna 1 , the trans- 35 
mission-reception separating portion 2 and the recep- 
tion radio portion 3, and are despread at the 
despreading portions 4, 5. As a result, a signal corre- 
sponding to the base station A14 is obtained in the 
despreading portion 4 and a signal corresponding to the 40 
base station B 15 is obtained in the despreading portion 

5. Then, a TPC bit from the base station A1 4 is detected 
at the TPC bit detecting portion 6, and a TPC bit from 
the base station B1 5 is detected at the TPC bit detecting 
portion 7. Additionally, reliability information corre- 45 
sponding to the base station A14 and reliability informa- 
tion corresponding to the base station B15 are 
determined in the respective TPC bit detecting portions 

6, 7, and TPC bit combination is performed in the com- 
bining portion 8 based on the above-described TPC bits so 
and reliability information. 

[0036] Fig. 3 is a diagram for explaining a combining 
process in the combining portion 8, showing an exam- 
ple wherein the transmission power is reduced by 1 dB. 
In this diagram, reference number 20 denotes a thresh- ss 
old value, represented by the line: 

Q = -l 



Additionally, reference number 17 denotes a vector rep- 
resenting the TPC bit of the base station A, and refer- 
ence number 18 denotes a vector representing the TPC 
bit of the base station B. Each vector has as a starting 
point the origin of the IQ plane, and has a length which 
is in accordance with the corresponding reliability infor- 
mation. The point opposite the origin in the parallelo- 
gram having the two vectors as two adjacent sides is the 
post-combination signal point 19, and the vector having 
the origin as a starting point and the post-combination 
signal point 19 as the end point represents the above- 
mentioned combination signal. 
[0037] Since the post-combination signal point 19 is 
positioned on the first quadrant side (1 dB decrease 
region) with respect to the threshold value 20 in the 
example shown in the drawing, the content of the trans- 
mission power control decided by the transmission 
power control deciding portion 9 will be a "1 dB 
decrease". Therefore, the transmission power of the 
transmission signal generated by the signal generation 
portion 10 will decrease by 1 dB. Of course, the third 
quadrant side of the threshold value 20 is a 1 dB 
increase region, and the threshold value 20 itself is a 1 
dB decrease region. 

[0038] On the other hand, Fig. 4 shows an example 
wherein the transmission power is increased by 1 dB. In 
this drawing, reference numbers 21, 22, 23 and 24 
respectively denote a TPC bit of the base station A, a 
TPC bit of the base station B, a post-combination signal 
point and a threshold value. Since the post-combination 
signal point 23 is positioned to the third quadrant side (1 
dB increase region) with respect to the threshold value 
24 in the example shown in this drawing, the content of 
the transmission power control decided by the transmis- 
sion power control deciding portion 9 will be a "1 dB 
increase". Therefore, the transmission power of the 
transmission signal generated by the signal generating 
portion 10 will increase by 1 dB. 

A-3: Summary 

[0039] As explained above, according to the present 
embodiment, the TPC bits received from a plurality of 
connected base stations are combined, then compared 
with a threshold value, go as to avoid the problem that 
the transmission power will always be decreased If an 
error occurs in the transfer of one of the TPC bits when 
all of the base stations are sending a TPC bit indicating 
an increase of the transmission power. Additionally, the 
TPC bits are combined after weighting them according 
to reliability information, so as to reduce the influence of 
TPC bits from base stations which often have transfer 
errors on the transmission power control of the mobile 
station. As a result, ft is possible to realize more accu- 
rate transmission power control. Moreover, mobile sta- 
tions are normally provided with means for maximum 
ratio combining as a measure for dealing with multi-path 
problems, and the precision of transmission power con- 



6 



11 



EP0 9751B5A1 



12 



trol can be increased without adding any new circuitry 
by making use of such means. 

A-4: Mocfification Example 1 

[0040] Next, a modification example 1 of the above- 
described first embodiment shall be explained. The 
structure of the mobile station according to this modifi- 
cation example 1 is the same as that of the mobile sta- 
tion 16 shown in Fig, 1 , and the operations differ only in 
the control content deciding process in the transmission 
power control deciding portion 9. Therefore, only the 
control content deciding process will be explained. In 
the transmission power control deciding portion 9 in the 
present modification example, the post-combination sig- 
nal point from the combining portion 8 is compared with 
two preset threshold values, and the control content is 
chosen between a 1 dB decrease, maintenance and a 1 
dB increase. 

[0041 ] Fig. 5 shows an example for a case where the 
transmission power is decreased by 1 dB. In this draw- 
ing, reference numbers 25, 26 and 27 respectively 
denote a TPC bit of the base station A, a TPC bit of the 
base station B and a post-combination signal point, and 
reference numbers 28 and 29 denote different threshold 
values. However, threshold value 28 is more toward the 
first quadrant side than the threshold value 29. Since 
the post-combination signal point 27 is positioned to the 
first quadrant side (1 dB decrease region) wfth respect 
to the threshold value 28 in the example shown in this 
drawing, the content of the transmission power control 
decided by the transmission power control deciding por- 
tion 9 becomes a "1 dB decrease". Therefore, the trans- 
mission power of the transmission signal generated by 
the signal generating portion 10 is decreased by 1 dB. 
Similarly, if the post-combination signal point 27 is 
between the threshold value 28 and the threshold value 
29, then "maintenance" control is performed, and if it is 
on the third quadrant side (1 dB increase region) with 
respect to the threshold value 29, then a "1 dB increase" 
control is performed. 

A-5: Modification Example 2 

[0042] A modification example 2 which further modi- 
fies the above-described modification example 1 shall 
be explained. As with modification example 1 . the struc- 
ture of the mobile station according to the modification 
example 2 is the same as that of the mobile station 16 
shown in Fig. 1 . Additionally, the operations of the mod- 
ification example 2 differ from the operations of the 
modification example 1 only with regard to the control 
content deciding process in the transmission power 
control deciding portion 9. As shown in Figs. 6 and 7, 
the transmission power control deciding portion 9 
according to the present modification example takes the 
area between the two threshold values as the control 
range between +1 dB and -1 dB. When the post-combi- 



nation signal point is within the control range, the value 
indicated by the combination signal is placed in corre- 
spondence with the power control amount, and when it 
is not within the range, a 1 dB increase or a 1 dB 

s decrease is performed as shown in Fig. 7. In Rgs. 6 and 
7. reference numbers 30, 31 and 32 respectively denote 
a TPC bit of the base station A, a TPC bit of the base 
station B and a post-combination signal point, and refer- 
ence numbers 33 and 34 denote different threshold val- 

10 ues. However, the threshold value 33 is on the first 
quadrant side with respect to the threshold value 34. 
Since the post-combination signal point 32 is positioned 
on the threshold value 33 in the example shown in Fig. 
6, the content of the transmission power control decided 

is by the transmission power control deciding portion 9 
becomes a "1 dB decrease". Therefore, the transmis- 
sion power of the transmission signal generated by the 
signal generating portion 10 is decreased by 1 dB. Of 
course, if the post-combination signal point 27 is 

20 between the threshold value 28 and the threshold value 
29, control is performed in accordance with a power 
control amount (+1 dB to -1 dB) depending on the value 
indicated by the combination signal. 

25 A-6: Supplement to the First Embodiment 

[0043] With regard to the TPC bit combining method 
in the above-described first embodiment and modifica- 
tion examples, any publicly known method may be 

so employed. For example, ft is possible to employ a maxi- 
mum ratio combining method wherein the reception sig- 
nal for each branch is weighted by a factor which is 
proportional to the amplitude level and inverse propor- 
tional to the noise power prior to adding, or to employ an 

3$ equal-gain combining method wherein the reception 
signals of all branches are weighted by the same factor 
prior to adding (for details on these combining methods, 
see "Advanced Digital Communications", Kamilo Feher 
et al., Prentice-Hall Inc.. 1986 and "Modern Communi- 

40 cation Principles", Seymour Stein and J. Jay Jones, 
McQraw Hill Book Company). In essence, any combin- 
ing method can be employed as long as it has suffi- 
ciently high precision in comparison to methods of 
combining after detection of the TPC bits. 

45 

B: Second Embodiment 
B-1 : Structure 

so [0044] Fig. 8 is a block diagram showing the structure 
of essential portions of a mobile station according to a 
second embodiment of the present invention. In the 
drawing, those parts which are the same as the parts in 
Fig. 1 are given the same reference numbers, and their 

55 explanation shall be omitted. The structure shown in 
Fig. 8 differs from the structure shown in Fig. 1 in that 
instead of a combining portion 8, a comparator 35 for 
receiving as inputs reliability information outputted from 
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the TPC bit detecting portions 6. 7 and comparing them, 
and a selective combining portion 36 for receiving as 
inputs the TPC bits outputted from the TPC bit detecting 
portions 6. 7 and selecting one tor outputting to the 
transmission power control decfcfing portion 9 are pro- s 
vided. 

[0045] The comparator 35 generates a selection sig- 
nal indicating the TPC bit detecting portion 6 (i.e. the 
base station A14) if the value indicated by the reliability 
information outputted from the TPC bit detecting portion io 
6 is greater than or equal to the value incficated by the 
reliability information outputted from the TPC detecting 
portion 7, and generates a selection signal indicating 
the TPC bit detecting portion 7 (i.e. the base station 
B15) in the opposite case. The selective combining por- is 
tion 36 has a switch 37 having two input ends for input- 
ting the TPC bits outputted from the TPC bit detecting 
portion 6, 7 and an output end connected exclusively to 
one of the input ends. This switch 37 switches the input 
end connected to the output end in accordance with the 20 
selection 6ignal generated by the comparator 35, and 
the selective combining portion 36 outputs the TPC bit 
(object signal) outputted from the output end of the 
switch 37 to the transmission power control deciding 
portion 9. & 



B-2: Operations 

[0046] Next, the operations of the above-described 
mobile station shall be explained in detail. However, the 
explanations of the parts which are the same as those 
in the first embodiment shall be omitted. 
[0047] During soft handover, the TPC bit from the 
base station A14 and reliability information thereof are 
determined in the TPC bit detecting portion 6, and the 
TPC bit from the base station B15 and reliability infor- 
mation thereof are determined in the TPC bit detecting 
portion 7. In the comparator 35, one of the above-men- 
tioned reliability information is compared with another 
one, and a selection signal indicating the output source 
(TPC bit detecting portion 6 or TPC bit detecting portion 
7) of the one having the higher value is generated. In the 
selective combining portion 36, the input end of the 
switch 37 which corresponds to the output source indi- 
cated by the above-mentioned selection signal is con- 
nected with the output end, and the TPC bit outputted 
from this output end is outputted to the transmission 
power control deciding portion 9. 

B-3: Summary 

[0048] As described above, according to the present 
embodiment, the TPC bit having the highest reliability 
level is taken from among the TPC bits received from a 
plurality of connected base stations, so as to avoid the 
problem that the transmission power will always be 
decreased if an error occurs in the transfer of one of the 
TPC bits when all of the base stations are sending a 



TPC bit Indicating an increase of the transmission 
power. Additionally, it is possible to reduce the influence 
that the TPC bits from base stations with high transfer 
error rate have on the transmission power control of the 
mobile station. As a result, a more accurate transmis- 
sion power control can be achieved. 

B-4: Supplement to the Second Embodiment 

[0049] Modifications similar to those of modification 
examples 1 and 2 in the first embodiment can be made 
in the present embodiment as well. That is, as in modifi- 
cation example 1, it is possible to compare the output 
signal from the selective combining portion 36 with two 
preset threshold values, select the content of the trans- 
mission power control of the mobile station from among 
the three stages of increase, maintenance and 
decrease based on this comparison result, and control 
the transmission power of the mobile station with the 
selected control content and as in modification exam- 
ple 2, it is possible to change the transmission power of 
the mobile station by a control amount depending on the 
output signal from the selective combining portion 36. 

C: Overall Supplement 



[00501 While the average SIR in the most recent pre- 
determined period of time in the mobile station is used 
when determining the reliability information in the 

so above-described embodiments, it is possible to use the 
instantaneous SIR in the mobile station, or to use other 
parameters such as described below. 
[0051] For example, CRC's contained in the down- 
ward signals from the base station can be collated in the 

35 mobile station, and reliability information can be gener- 
ated in accordance with the verification result (posi- 
tive/negative). Here, an example of a combining 
process using reliability information based on the verifi- 
cation results of a CRC contained in the downward sig- 

40 nal is shown in Fig. 9. In the example shown in this 
drawing, the verification result for the CRC contained in 
the downward signal from the base station A is "posi- 
tive 1 ;, while the verification result for the CRC contained 
in the downward signal from base station B is "nega- 

45 five", and as is clear from the drawing, the influence on 
the post-combination signal point 38 is large for the TPC 
bits 39 from the base station A, and small for the TPC 
bits 40 from the base station B. That is, an effect similar 
to that of the first embodiment is obtained. Of course, 

so the above-mentioned reliability information can be used 
in the case of selecting one of the TPC bits. Since the 
CRC's are appended in frame units, the mobile station 
must wait until the reception of the downward signal of 
one frame is completed before collating the CRC of the 

55 frame containing the TPC bit which is to be processed, 
thus causing a control delay, but if the reliability informa- 
tion of the TPC bit in the current frame is generated 
based on the CRC verification result of the previous 
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frame, then the above-mentioned control delay can be 
avoided. 

[0052] Additionally, the reliability information can be 
generated based only on the reception level of the 
downward signal in the mobile station, or the reliability s 
information can be generated based on only one 
parameter from among the above-mentioned average 
SIR, instantaneous SIR and CRC verification result. Of 
course, the reliability information may also be generated 
by combining the various parameters as is appropriate. 10 
[0053] Additionally, in the above-described embodi- 
ments, the various parameters for determining the relia- 
bflrty information are determined from the downward 
signal, but they may also be determined from the 
upward signal. Here, an example wherein transmission is 
power control of the mobile station is performed based 
on the reception level of the upward signal is shown in 
Fig. 10. In the example shown in this drawing, the 
upward signal from the mobile station 41 is received by 
the base station C42 and the base station D43, the 20 
reception levels of the upward signals received in the 
base stations are measured, and the measurement 
results (30 in the base station C42 and 5 in the base sta- 
tion D43) are inserted into the downward signals to the 
mobile station 41. The mobile station 41 receives the 25 
downward signals, and takes the reliability level of the 
base station C as bang, for example, 30 based on the 
measurement result in the downward signal from the 
base station C42, and takes the reliability level of the 
base station D as being, for example, 5 based on the 30 
measurement result in the downward signal from the 
base station D43. The subsequent process is similar to 
the process used in the above-described embodiments, 
so the explanation shall be omitted. 
[0054] Additionally, when the reliability information is 35 
generated by using a plurality of parameters, it is possi- 
ble to determine all of the plurality of parameters from 
the downward signal, or to determine some of the 
parameters in the base station and other parameters in 
the mobile station. Additionally, when all of the plurality 40 
of parameters are determined from the downward sig- 
nal, K is possible to generate the reliability information in 
the base station, and insert this into the downward sig- 
nals to the mobile station. The downward channel into 
which the reliability information is inserted can be a <s 
channel for transmitting control information, or can be a 
channel for transmitting user information. Particularly in 
the former case, there is no need to make room for a 
new field inside the transfer frame, so that the reliability 
information can be transmitted while maintaining the so 
transfer speed of the user information. 
[0055] Furthermore, the units for increase and 
decrease of the transmission power are not restricted to 
1 dB, and for example, the transmission power control 
content can be made so as to be selected from among 55 
a 2 dB increase, a 1 dB increase, maintenance, a 1 dB 
decrease and a 2 dB decrease. Additionally, the number 
of base stations to which the mobile station is simulta-. 



neously connected can be 3 or more, in which case It is 
possible to select a plurality of TPC bits and to combine 
the plurality of selected TPC bits, or to combine the TPC 
bits by separating them into a plurality of groups, and to 
select one TPC bit from among the plurality of post- 
combination TPC bits. 

[0056] Additionally, the mobile station may comprise a 
CPU (central processing unit), a ROM (read-only mem- 
ory) or the like, such that a program describing the proc- 
esses to be performed by the mobile station is stored in 
the ROM, and the above-described transmission power 
control is performed when the CPU runs this program. 
Furthermore, this program can itself be made updatea- 
We, and such updates can be performed by reading the 
program from a recording medium via a dedicated inter- 
face or a telephone line (including radio channels with 
base stations). 

Claims 

1. A transmission power control method for a mobile 
station simultaneously connected to a plurality of 
base stations; comprising: 

a receiving step for receiving a transmission 

power control signal from each of said plurality 

of base stations in said mobile station; 

a reliability level aoquiring step for acquiring a 

reliability level for each of said plurality of base 

stations; 

an object signal acquiring step for determining 
an object signal from said reliability level 
acquired in said reliability level acquiring step 
and said plurality of transmission power control 
signals received in said receiving step; 
a control content deciding step for decicfing a 
control content of the transmission power of 
said mobile station based on said object signal 
determined in said object signal aoquiring step; 
and 

a control step for controlling the transmission 
power of said mobile station in accordance with 
the control content decided in said control con- 
tent deckling step. 

2. A transmission power control method according to 
claim 1, wherein said reliability level acquiring step 
includes, in said mobile station, acquiring a param- 
eter based on a downward signal from each of said 
plurality of base stations, and generating a reliabil- 
ity level with respect to each of said plurality of base 
stations in accordance with said parameter. 

3. A transmission power control method according to 
claim 1. wherein said reliability level acquiring step 
includes, in each of said plurality of base stations, 
aoquiring a parameter based on an upward signal 
from said mobile station, and sending said parame- 
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ter to said mobile station; and in said mobile station, 
generating a reliability level with respect to each ol 
said plurality of base stations in accordance with 
the parameter sent from each of said plurality of 
base stations. s 

A transmission power control method according to 
claim 1 , wherein said reliability level acquiring step 
includes, in each of said plurality of base stations, 
acquiring a parameter based on an upward signal 10 
from said mobfle station, generating a reliability 
level for Hserf based on said parameter, and trans- 
mitting the generated reliability level to said mobile 
station; and in said mobile station, receiving the reli- 
abflity level sent from each of said plurality of base 75 
stations. 

A transmission power control method according to 
any one of claims 1-4, comprising: 

20 

a weighting step for weighting the transmission 
power control signals received in said receiving 
step according to said plurality of reliability lev- 
els acquired in said reliability level acquiring 
step; 2s 
wherein said object signal acquiring step 
includes generating said object signal by com- 
bining the plurality of transmission power con- 
trol signals weighted in said weighting step. 

• 30 

A transmission power control method according to 
any one of claims 1-4, wherein said object signal 
acquiring step includes selecting one signal from 
among the transmission power control signals 
received in said receiving step based on said plural- 3s 
ity of reliability levels acquired in said reliability level 
acquiring step, and taking the selected signal as 
said object signal. 

A transmission power control method according to « 
any one of claims 1-4, wherein said control content 
deciding step includes comparing said object signal 
determined in said object signal acquiring step with 
two preset threshold values, and selecting and 
determining the control content of said mobile sta- 45 
tion from among the three stages of an increase, 
maintenance or decrease of the transmission 
power based on the results of the comparison. 

A transmission power control method according to so 
any one of claims 1-4, wherein control is performed 
in said control content deciding step by changing 
the transmission power of said mobile station by a 
control amount in accordance with said object sig- 
nal determined in said object signal acquiring step. 55 

A mobile station capable ol simultaneously con- 
necting with a plurality of base stations, comprising: 



receiving means for receiving a transmission 
power control signal from each of said plurality 
of base stations; 

reliability level acquiring means for acquiring a 
reliabOrty level with respect to each of said plu- 
rality of base stations; 

object signal acquiring means for determining 
an object, signal based on said plurality of 
transmission power control signals received 
from said receiving means and said plurality of 
reliability levels acquired from said reliability 
level acquiring means; 

control content deciding means for deciding a 
control content of the transmission power of 
said mobile station based on said object signal 
determined by said object signal acquiring 
means; and 

control means for controlling the transmission 
power in accordance with said control content 
decided by said control content deciding 
means. 

10. A mobile station according to claim 9, wherein said 
reliability level acquiring means acquires a parame- 
ter based on a signal from each of said plurality of 
base stations received by said receiving means, 
and generates a reliability level with respect to each 
of said plurality of base stations in accordance with 
said parameter. 

11. A mobile station according to claim 9, wherein said 
reliability level acquiring means generates a reliabil- 
ity level with respect to each of said plurality of base 
stations in accordance with a parameter from each 
of said plurality of base stations received by said 
receiving means. 

12. A mobile station according to claim 9, wherein said 
reliability level acquiring means takes the reliability 
level from each of said plurality of base stations 
received by said receiving means as the reliability 
level with respect to each of said plurality of base 
stations. 

13. A mobile station according to any one of claims 9- 
12, comprising: 

weighting means for weighting each transmis- 
sion power control signal received by said 
receiving means by the reliability level of a cor- 
responding base station; 
wherein said object signal aoquiring means 
generates said object signal by combining the 
plurality of transmission control signals 
weighted by said weighting means. 

14. A mobile station according to any one of claims 9- 
12, wherein said object signal acquiring means 
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selects one from among said plurality ol transmis- 
sion power control signals to be said object signal 



15. A mobile station according to any one of claims 9* 
12, wherein said control content deciding means 5 
compares said object signal determined by said 
object signal acquiring means with two preset 
threshold values, and selects and decides from 
among the three stages of increase, maintenance 

or decrease of the transmission power as said con- 10 
trol content based on the results of this comparison . 

16. A mobile station according to any one of claims 9- 
12, wherein said control content deciding means 
takes, as the control content, control performed by is 
changing the transmission power by a control 
amount in accordance with said object signal deter- 
mined by said object signal acquiring means. 

17. A base station for performing a transmission power 20 
control method according to claim 3, comprising: 



parameter acquiring means for acquiring said 
parameter with respect to said mobile station 
based on an upward signal from said mobile 25 
station; and 

transmission means for transmitting said 
parameter acquired by said parameter acquir- 
ing means to said mobile station. 

30 

18. A recording medium containing a program to be run 
in a mobile station simultaneously connected to a 
plurality of base stations; the program comprising: 

a. receiving step for receiving a transmission ss 
power control signal form each of said plurality 
of base stations; 

a reliability level acquiring step for acquiring a 
reliability level with respect to each of said plu- 
rality of base stations; <o 
an object signal acquiring step for determining 
an object signal from said reliability levels 
acquired in said reliability level acquiring step 
and said plurality ol transmission power control 
signals received in said receiving step; *s 
a control content deciding step for deciding a 
control content of the transmission power of 
said mobile station based on said object signal 
determined in said object signal acquiring step; 
and bo 
a control step for controlling the transmission 
power of said mobile station in accordance with 
said control content decided by said control 
content deciding step. 
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